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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a titanium 
alloy having high elastic deformability. 
SOLUTION: The titanium alloy has >950 MPa tensile 
elastic limit strength and >1.6% elastic deformability 
and can be obtained by performing the following steps: 
a cold working step where cold working at >10% is 
applied to titanium-alloy stock having a composition 
consisting of group Va elements and the balance 
essentially titanium; and an aging treatment step where 
the resultant cold rolled stock is subjected to aging 
treatment of 8.0-18.5 Larson- Miller parameters P at 
150-600° C treating temperature. Owing to its high 
elastic deformability and high tensile elastic limit 
strength, this titanium alloy can be widely used for 
various products. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1]A titanium alloy which has the high elasticity deformability to which **** elastic limit 
intensity is characterized by elastic deformation ability being not less than 1.6% in 950 or more 
MPa by Va fellows (vanadium fellows) element and the remainder consisting of titanium (Ti) 
substantially. 

[Claim 2]The titanium alloy according to claim 1 which contains said Va group element 30 to 
60% when the whole is made into 100% (mass percentage : it is the same as that of the 
following). 

[Claim 3]The titanium alloy according to claim 1 or 2 which contains in total one or more sorts 
of elements in a metallic element group which consists of a zirconium (Zr) r hafnium (Hf), and a 
scandium (Sc) 20% or less when the whole is made into 100%. 

[Claim 4]The titanium alloy according to claim 1 which contains in total one or more sorts of 
elements in a metallic element group which consists of Zr, and Hf and Sc so that the sum 
total with one or more sorts of elements in this metallic element group may be 30 to 60% 
about 20% or less and said Va group element when the whole is made into 100%. 
[Claim 5]The titanium alloy according to any one of claims 1 to 4 containing one or more kinds 
of elements in a metallic element group which consists of chromium (Gr), molybdenum (Mo), 
manganese (Mn), iron (Fe), cobalt (Co), and nickel (nickel). 

[Claim 6]The titanium alloy according to claim 5 said Cr and said whose Mo are 20% or less, 
respectively and in which said Mn, said Fe, said Co, and said nickel are 10% or less, 
respectively when the whole is made into 100%. 

[Claim 7]The titanium alloy according to any one of claims 1 to 6 containing aluminum 
(aluminum). 

[Claim 8]The titanium alloy according to claim 7 in which said aluminum is 0.3 to 5% when the 
whole is made into 100%. 

[Claim 9]The titanium alloy according to any one of claims 1 to 8 which contains 0.08 to 0.6% 
of oxygen (O) when the whole is made into 100%. 

[Claim 10]The titanium alloy according to any one of claims 1 to 9 which contains 0.05 to 1.0% 
of carbon (C) when the whole is made into 100%. 

[Claim 11]The titanium alloy according to any one of claims 1 to 10 which contains 0.05 to 
0.8% of nitrogen (N) when the whole is made into 100%. 

[Claim 12]The titanium alloy according to any one of claims 1 to 1 1 which contains 0.01 to 
1.0% of boron (B) when the whole is made into 100%. 

[Claim 13]A cold working process which adds not less than 10% of cold work to titanium alloy 
field material which Va group element and the remainder become from titanium substantially, It 
is the Larson Miller (Larson-Miller) parameter P (henceforth) at a range whose treatment 
temperature is 150 ** - 600 ** at cold work material obtained after this cold working process. 
"The parameter P" is only called. It passes through an aging treatment process of performing 
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aging treatment used as 8.0-18.5, and is a titanium alloy given in either of manufacture **** 
claims 1-12. 

[Claim 14]The titanium alloy according to claim 13 said whose parameters P of said aging 
treatment process are 8.0-12.0 in a range in which said treatment temperature is 150 ** - 
300 **, in which said **** elastic limit intensity is 1000 or more MPa, and said elastic 
deformation ability is not less than 2.0% and whose average Young's modulus is 75 or less GPa. 

[Claim 15]The titanium alloy according to claim 13 in which said parameters P of said aging 
treatment process are 12.0-14.5 in a range in which said treatment temperature is 300 ** - 
450 ** and whose average Young's modulus said **** elastic limit intensity is 1400 or more 
MPa, and is 95 or less GPa. 

[Claim 16]A manufacturing method of a titanium alloy characterized by comprising the 
following. 

A cold working process which adds not less than 10% of cold work to titanium alloy field 
material which Va group element and the remainder become from titanium substantially. 
It consists of an aging treatment process of performing aging treatment from which the 
parameter P is set to 8.0-18.5 in the range whose treatment temperature is 150 ** - 600 ** 
to cold work material obtained after this cold working process, High elasticity deformability to 
which **** elastic limit intensity is characterized by elastic deformation ability manufacturing 
a titanium alloy used as not less than 1.6% by 950 or more MPa. 

[Claim 17]Said **** elastic limit intensity is 1000 or more MPa, said parameters P of said 
aging treatment process are 8.0-12.0 in a range in which said treatment temperature is 150 ** 
- 300 **, and said elastic deformation ability of said titanium alloy is not less than 2.0%, A 
manufacturing method of the titanium alloy according to claim 16 whose average Young's 
modulus is 75 or less GPa. 

[Claim 18]A manufacturing method of the titanium alloy according to claim 16 in which said 
parameters P of said aging treatment process are 12.0-14.5 in a range in which said treatment 
temperature is 300 ** - 450 ** and whose average Young's modulus of said titanium alloy said 
**** elastic limit intensity is 1400 or more MPa, and is 95 or less GPa. 

[Claim 19]A manufacturing method of the titanium alloy according to any one of claims 16 to 

18 which contains said Va group element 30 to 60% when said titanium alloy field material 
makes the whole 100%. 

[Claim 20]A manufacturing method of the titanium alloy according to any one of claims 16 to 

19 which contains in total one or more sorts of elements in a metallic element group which 
consists of Zr, and Hf and Sc 20% or less when said titanium alloy field material makes the 
whole 100%. 

[Claim 21]When the whole is made into 100%, said titanium alloy field material in total one or 
more sorts of elements in a metallic element group which consists of Zr, and Hf and Sc 20% or 
less, A manufacturing method of the titanium alloy according to any one of claims 16 to 18 
which contains said Va group element so that the sum total with one or more sorts of 
elements in this metallic element group may be 30 to 60%. 

[Claim 22]A manufacturing method of the titanium alloy according to any one of claims 16 to 
21 containing one or more kinds of elements in a metallic element group which said titanium 
alloy field material becomes from Cr, Mo, Mn and Fe, and Co and nickel. 

[Claim 23]A manufacturing method of the titanium alloy according to claim 22 which contains 
said Mn, said Fe, said Co, and said nickel for said Cr and said Mo 10% or less 20% or less, 
respectively when said titanium alloy field material makes the whole 100%. 
[Claim 24]A manufacturing method of the titanium alloy according to any one of claims 16 to 
23 in which said titanium alloy field material contains aluminum. 

[Claim 25]A manufacturing method of the titanium alloy according to claim 24 which contains 
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said aluminum 0.3 to 5% when said titanium alloy field material makes the whole 100%. 
[Claim 26]A manufacturing method of the titanium alloy according to any one of claims 16 to 

25 which contains 0.08 to 0.6% of O when said titanium alloy field material makes the whole 
100%. 

[Claim 27]A manufacturing method of the titanium alloy according to any one of claims 16 to 

26 which contains 0.05 to 1.0% of C when said titanium alloy field material makes the whole 
100%. 

[Claim 28]A manufacturing method of the titanium alloy according to any one of claims 16 to 

27 which contains 0.05 to 0.8% of N when said titanium alloy field material makes the whole 
100%. 

[Claim 29]A manufacturing method of the titanium alloy according to any one of claims 16 to 

28 which contains 0.01 to 1.0% of B when said titanium alloy field material makes the whole 
100%. 

[Claim 30]A mixing process which mixes the precursor powder end of at least two or more 
sorts said titanium alloy field material contains titanium and Va group element, A forming cycle 
which fabricates powder mixture obtained after this mixing process to a Plastic solid of 
specified shape, a sintering process which makes a Plastic solid acquired after this forming 
cycle heat and sinter, and a manufacturing method of the titanium alloy according to any one 
of claims 16 to 29 which is alike and is manufactured more. 

[Claim 31]A manufacturing method of the titanium alloy according to claim 30 which is the 
process of said sintering process being 1200 ** - 1600 ** in treatment temperature, and 
making processing time into 0.5 to 16 hours. 

[Claim 32]A manufacturing method of the titanium alloy according to claim 30 in which said 
titanium alloy field material is further manufactured through a hot-working process of adding 
hot working to a sintered compact obtained after said sintering process. 
[Claim 33]A manufacturing method of the titanium alloy according to claim 32 which is a 
process to which said hot-working process shall be 600-1100 ** in working temperature. 
[Claim 34]Said titanium alloy field material like a packer who fills up a container of specified 
shape with the end of precursor powder containing titanium and Va group element, A sintering 
process which a hydrostatic pressure method between heat (the HIP method) is used behind 
as this packer, and he makes sinter this precursor powder end in this container, and a 
manufacturing method of the titanium alloy according to any one of claims 16 to 29 which is 
alike and is manufactured more. 

[Claim 35]A manufacturing method of the titanium alloy according to any one of claims 30 to 

34 which contains said Va group element 30 to 60% when the whole is made into 100% said end 
of precursor powder. 

[Claim 36]A manufacturing method of the titanium alloy according to any one of claims 30 to 

35 which contains in total one or more sorts of elements in a metallic element group which 
consists of Zr, and Hf and Sc 20% or less when the whole is made into 100% said end of 
precursor powder. 

[Claim 37]A manufacturing method of the titanium alloy according to any one of claims 30 to 
34 characterized by comprising the following. 

One or more sorts of elements in a metallic element group which consists of 20% or less of Zr, 
and Hf and Sc in total when the whole is made into 100% said end of precursor powder. 
Said Va group element in which the sum total with one or more sorts of elements in this 
metallic element group will be 30 to 60%. 

[Claim 38]It is a manufacturing method of the titanium alloy of Cr, Mn, Co, nickel, Mo, Fe, tin 
(Sn), aluminum and O, C, N, and B according to any one of claims 30 to 37 which contains an 
element more than a kind at least said end of precursor powder. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a titanium alloy and a manufacturing method 
for the same. In detail, it is related with the elastic limit intensity which can be used for 
various products, the titanium alloy which is excellent in elastic deformation ability, and its 
manufacturing method. 
[0002] 

[Description of the Prior Art]Since a titanium alloy is excellent in specific strength, it has been 
used from the former in fields, such as aeronautical navigation, military affairs, the universe, 
and deep sea exploration. Also in the automobile field, the titanium alloy is used for a valve 
retainer, a KONEKUTENGU rod, etc. of a racing engine. Since a titanium alloy is excellent also 
in corrosion resistance, it is used under corrosive environment in many cases. For example, it 
is used for materials, such as a chemical processing plant and an ocean structure, by front 
bumper Lower, rear bumper Lower, etc. of the car for the purpose of the corrosion prevention 
by an antifreeze, etc. again. Paying attention to the lightweight nature (specific strength) and 
allergic-proof (corrosion resistance), the titanium alloy is used for accessories, such as a wrist 
watch. Thus, the titanium alloy is used in various fields and there are Ti-5aIuminum-2.5Sn 
(alpha alloy), Ti-6aluminum-4V (alpha-beta alloy), and TM 3V-1 1 Cr-3aluminum (beta alloy) 
etc. as a typical titanium alloy, for example. 

[0003]By the way, although the specific strength and corrosion resistance which were 
excellent in the titanium alloy attracted attention conventionally, these days, the outstanding 
elasticity is also attracting attention. For example, the titanium alloy excellent in elasticity is 
being used for living body conformity articles (for example, artificial bone etc.), accessories 
(for example, frame of glasses, etc.), sporting goods (for example, golf club etc.), a spring, etc. 
When the titanium alloy of high elasticity is used for an artificial bone, the artificial bone has 
the elasticity near a human bone, and, specifically, becomes what combined with specific 
strength and corrosion resistance and was excellent in biocompatibility. 
[0004]The spectacle frame which consists of a titanium alloy of high elasticity fits a head 
flexibly, does not give a wearing person a feeling of oppression, and is excellent also in 
impact-absorption nature. If the titanium alloy of high elasticity is used for the shaft and head 
of a golf club, a pliant shaft and a head with low character frequency are obtained, and it is 
said that the flight distance of a golf ball is extended. If the titanium alloy of high elasticity is 
used for a spring, it will be lightweight and the big spring of an elastic limit will be obtained, this 
invention person considered developing the titanium alloy of the high elasticity (high elasticity 
deformability) and high intensity (quantity **** elastic limit intensity) which transcended the 
level conventionally which can aim at use expansion further in various fields under such a 
situation. And the following gazettes were discovered when the conventional technology about 
the titanium alloy excellent in elasticity was investigated first. 
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[0005]** The titanium alloy which contains Nb and Ta in the gazette of 
******1 0-21 9375******** 20 to 60% in total is indicated. This titanium alloy dissolved the 
raw material of that presentation, cast the button ingot, performed cold rolling, solution 
treatment, and aging treatment to that button ingot one by one, and was manufactured, and 
the low Youngs modulus of 75 or less GPa has been obtained. And it seems that it is rich in 
elasticity since this titanium alloy is low Young's modulus. However, tensile strength is also 
falling with low Young's modulus so that the example indicated by the gazette may also show. 
For this reason, that titanium alloy does not have elasticity sufficient [ the deformation 
capacity (elastic deformation ability) within an elastic limit is small, and ] like it can aim at use 
expansion of a titanium alloy. 

[0006]** the gazette of ******2-1 63334******** — "— Nb:10- 40%, V:1 to 10%, 
aluminum:2-8%, Fe, Cr, and Mn: — titanium alloy" which excelled [ remainder ] in the cold work 
nature which consists of Ti is indicated less than Zr:3% and 0:0.05 to 0.3% 1% [ or less ] each, 
the raw material in which this titanium alloy is also composed — the plasma dissolution, the 
vacuum arc dissolution, and hot forging — a solution treatment is carried out and it is 
manufactured. In this way, when the titanium alloy excellent in cold work nature is obtained, it 
is in the gazette. However, in the gazette, the statement concrete about the elasticity or 
intensity is not carried out at all. 

[0007]** 20 to 40% of Nb, 4.5 to 25% of Ta, 2.5 to 13% of Zr, and the remainder become a 
gazette of ******8-299428******** from Ti substantially, and the medical device in which 
Youngs modulus was formed with the titanium alloy of 65 or less GPa is indicated. However, 
since this titanium alloy is also low Young's modulus and it is low strength, it is not the thing 
excellent in elasticity. 

[0008]** JP,6-73475,A, JP,6-23381 1,A, and the Patent Publication Heisei No. 501719 [ ten to 
] gazette — although the titanium alloy (Ti~13Nb-13Zr) of 700 or more MPa is indicated for 
tensile strength by the gazette of these by 75 or less GPa, Youngs modulus, It is insufficient 
for high elasticity in intensity. Although it is in the claim of those gazettes with Nb:35-50%, the 
concrete example equivalent to it is not indicated. 

[0009]** "The metal accessories which contains Ti 40 to 60% and in which the remainder 
consists of on [ Nb ] parenchyma" is indicated by the gazette of ******61 -157652********. 
The metal accessories cast the presentation raw material of Ti~45Nb after arc melting, forge 
rolling is carried out, and carry out deep drawing processing between the colds of the Nb alloy, 
and are manufactured. However, in the gazette, concrete elasticity or intensity are not 
indicated at all. 

[0010]** "The charge of golf driver head material which makes an oxygen content 0.25% or 
less, and the remainder becomes from titanium and inevitable impurities including 10 to less 
than 25% of vanadium" is indicated by the gazette of ******6~240390********. However, in 
the gazette, the elasticity is not indicated at all. 

[001 1]** "The head of the golf club manufactured by the ROSUTO wax precision casting of 
nickel-Ti alloy which has superelasticity" is indicated by the gazette of 
******5-1 1 554********. And it is indicated in the gazette that Nb, V, etc. may be added a 
little. However, it is unstated in any way about those concrete presentations and elasticity. 
[0012]** "The corrosion-resistant powerful niobium alloy which consists of 10 to 85 % of the 
weight of titanium, 0.2 or less % of the weight of carbon, 0.13 to 0.35 % of the weight of oxygen, 
0.1 or less % of the weight of nitrogen, and remainder niobium" is indicated by the gazette of 
******52-14751 1********. It is indicated by performing hot forging, cold work, and aging 
treatment after dissolution casting of an alloy with the presentation that the niobium alloy 
which is further excellent in high intensity at cold work nature is obtained. However, in the 
gazette, concrete Young's modulus or elasticity are not indicated at all. 
[001 3] 

[Problem(s) to be Solved by the Invention]In view of such a situation, it succeeds in this 
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invention. That is, it aims at providing the titanium alloy which is rich in the elasticity which 
can aim at much more use expansion in various fields, and which transcended the level 
conventionally. It aims at providing a manufacturing method suitable for manufacture of the 
titanium alloy. 
[0014] 

[Means for Solving the Problem]Then, this invention person used to come to develop a 
titanium alloy of high elasticity deformability which consists of a Va group element and Ti, and 
quantity **** elastic limit intensity, and a manufacturing method for the same, as a result of 
inquiring wholeheartedly that this technical problem should be solved and repeating trial and 
error. 

(Titanium alloy) That is, Va group element and the remainder consist of titanium (Ti) 
substantially, **** elastic limit intensity is 950 or more MPa, and a titanium alloy of this 
invention is characterized by elastic deformation ability being not less than 1.6%. With 
combination of Ti and Va group element, there is nothing to the former and a titanium alloy of 
high elasticity deformability and quantity **** elastic limit intensity is obtained. And this 
titanium alloy can be broadly used for various products, and can aim at those improvement in 
functional and expansions of design flexibility. A kind of vanadium, niobium, and tantalum or 
two or more sorts may be sufficient as Va group element. Although each of these elements is 
beta stabilizers, a titanium alloy of this invention does not necessarily mean being the 
conventional beta alloy. 

[0015]By the way, this invention person is checking that this titanium alloy is provided also 
with outstanding cold work nature in addition to outstanding elastic deformation ability and 
**** elastic limit intensity. However, this titanium alloy is not yet certain in why it excels in 
elastic deformation ability and **** elastic limit intensity. But those characteristics can be 
considered as follows from eager surveillance study by this invention person in whom it had 
succeeded so far. That is, as a result of this invention person's investigating one sample 
concerning a titanium alloy of this invention, even if it performed cold work to this titanium 
alloy, a rearrangement was hardly introduced but it became clear to present an organization 
where a field (1 10) carried out orientation to some directions very strongly. And in a dark field 
image using 1 1 1 diffraction points observed by TEM (transmission electron microscope), it was 
observed that contrast of an image moves with an inclination of a sample. This had suggested 
that a field currently observed (111) was curving and same thing was checked also by lattice 
image direct observation of high magnification. And a curvature radius of a curve of this (111) 
field was very as small as about 500-600 nm. 

[0016]With the conventional metallic material referred to as that a titanium alloy of this 
invention eases influence of processing not by introduction of a rearrangement but by the 
curve of a crystal face from these things, it is thought that it means having the character in 
which it is not known at all. A rearrangement was hardly observed as losing excitation of 1 10 
diffraction points, although it is in a state which excited 110 diffraction points strongly and 
was observed very in part. This shows that a displacement component of the rearrangement 
circumference is remarkably partial in the <110> directions, and a titanium alloy of this 
invention has suggested having very strong elastic anisotropy. Although a reason is not 
certain, this elastic anisotropy is also considered to be closely related to a manifestation of 
high elasticity deformability of a titanium alloy concerning this invention, quantity **** elastic 
limit intensity, and outstanding cold work nature, etc. 

[0017]Here, in a tensile test which repeats load and unloading of load to a specimen gradually, 
and performs them, "**** elastic limit intensity" means stress which was carrying out load, 
when a permanent set (distortion) reaches to 0.2% (it mentions later in detail). "Elastic 
deformation ability" means elongation of a specimen in said **** elastic limit intensity, and it 
is shown that the elongation of high elasticity deformability is large. This **** elastic limit 
intensity is so preferred that it is set to 950 or more MPa, 1200 MPa or more, and 1400 MPa 



3 of 16 



8/4/2008 11:51 AM 



JP,2002-249836,A [DETAILED DESCRIPTION] 



ht1p://www4.ipdlJnpit.gojp/cgi-bin/1ran_web_cgi_ejje?atw_u=h. 



or more at order. Elastic deformation ability is so preferred that it will be not less than 1.6%, 
not less than 1.7% 1.8%, 1.9%, 2.0%, 2.1%, and not less than 2.2% at order. When only calling it 
"intensity" henceforth, it points out, [ of "tensile strength" / both / both / either or ] "**** 
elastic limit intensity" or a specimen fractures. 

[001 8]A "titanium alloy" as used in the field of this invention means an alloy containing Ti, and 
does not specify content of Ti. Therefore, even when ingredients (for example, Nb etc.) other 
than Ti occupy more than 50 mass % of the whole alloy, as long as it is an alloy containing Ti, 
on these specifications, it is called a "titanium alloy" for convenience. The "titanium alloy" 
includes various gestalten, and A raw material, (for example, not only an ingot, slab, a billet, a 
sintered compact, a rolling article, a forging, a wire rod, a plate, a bar, etc.) but titanium alloy 
members (for example, a preforming article, final products, those parts, etc.) which processed 
it are included (the following — the same). 

[001 9](Manufacturing method of a titanium alloy) A titanium alloy of quantity **** elastic limit 
intensity can be obtained with a manufacturing method of this invention described below by 
high elasticity deformability mentioned above, for example. 

** Namely, a manufacturing method of a titanium alloy of this invention, A cold working 
process which adds not less than 10% of cold work to titanium alloy field material which Va 
group element and the remainder become from titanium substantially, It consists of an aging 
treatment process of performing aging treatment from which the parameter P (Larson Miller 
parameter P: mention later for details.) is set to 8.0-18.5 in the range whose treatment 
temperature is 150 ** - 600 ** to cold work material obtained after this cold working process, 
**** elastic limit intensity manufactures a titanium alloy in which elastic deformation ability 
will be not less than 1.6% by 950 or more MPa. Although a reason a titanium alloy of quantity 
**** elastic limit intensity is obtained by high elasticity deformability by this manufacturing 
method is not necessarily certain, after performing cold work of the specified quantity to 
titanium alloy field material, by performing aging treatment under relevant conditions, Elastic 
anisotropy is maintained, and a rapid rise of Young's modulus is avoided and it is thought that 
a titanium alloy of quantity **** elastic limit intensity is obtained by high elasticity 
deformability. 

[0020]** The titanium alloy field material can be manufactured as follows, for example. 
Namely, a mixing process which mixes the precursor powder end of at least two or more sorts 
said titanium alloy field material contains titanium and Va group element, It is suitable, if it 
resembles a forming cycle which fabricates powder mixture obtained after this mixing process 
to a Plastic solid of specified shape, and a sintering process which makes a Plastic solid 
acquired after this forming cycle heat and sinter and is manufactured more. (This 
manufacturing method is hereafter called a "mixed method" for short suitably.) 
[0021]** If said titanium alloy field material resembles a sintering process like a packer who 
fills up a container of specified shape with the end of precursor powder containing titanium 
and Va group element which a hydrostatic pressure method between heat (the HIP method) is 
used behind as this packer, and he makes sinter this precursor powder end in this container 
and is manufactured more, it is preferred again. (This manufacturing method is hereafter called 
the "HIP method" for short suitably.) 

A manufacturing method mentioned above is a desirable manufacturing method, in order to 
obtain a titanium alloy of this invention. But a titanium alloy of this invention is not limited to 
what was obtained by those manufacturing methods. For example, titanium alloy field material 
may be manufactured by a solution process. 
[0022] 

[Embodiment of the Invention]An embodiment is listed to below and this invention is explained 
to it in more detail. It is not restricted to the combination which combination is possible for 
the contents of each item which consists of a material property, alloy composition, a 
manufacturing process, etc. which are enumerated henceforth suitably, and was illustrated. 
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(Titanium alloy) 

(1) Explain elastic deformation ability, **** elastic limit intensity, and the elastic deformation 
ability and **** elastic limit intensity about the titanium alloy of average Young's modulus this 
invention in full detail below using drawing 1 A and B. Drawing 1 A is a figure showing typically 
the stress-strain diagram of the titanium alloy concerning this invention, and drawing 1 B is a 
figure showing typically the stress-strain diagram of the conventional titanium alloy 
(Ti-6aluminum-4V alloy). 

[0023]** As shown in drawing 1 B, in the conventional metallic material, elongation increases 
linearly in proportion to the increase in tensile stress (between **'-**). And the Young's 
modulus of the conventional metallic material is called for by the slope of a line. If it puts in 
another way, the Young's modulus will serve as a value which **(ed) tensile stress (nominal 
stress) by the distortion (nominal distortion) in it and proportionality. Thus, in the rectilinear 
regions (between **'-**) which have stress and distortion in proportionality, it is elastic in 
modification, for example, if unloading of the stress is carried out, the elongation which is 
modification of a specimen will return to 0. However, if tensile stress is further applied 
exceeding the rectilinear regions, the conventional metallic material begins plastic deformation, 
and even if it carries out unloading of the stress, the elongation of a specimen will not return 
to 0 but will produce a permanent set. 

[0024]Usually, the permanent set has called proof stress stress sigmap used as 0.2% 0.2% (JIS 
Z 2241). This 0.2% proof stress is also stress in the intersection (position **) of the straight 
line (**' - **) and stress-strain curve which carried out parallel translation of the straight line 
(**'-**: tangent of a rising portion) of an elastic deformation region by elongation 0.2% on the 
stress-strain diagram. In the case of the conventional metallic material, based on the rule of 
thumb of "becoming a permanent set if elongation exceeds about 0.2%", 0.2% proof stress ** 
**** elastic limit intensity can be considered, and it is usually On the contrary, if 

it is in this 0.2% proof stress, it will be thought that the relation between stress and distortion 
is in general linear or that it is elastic. 

[0025]** As time shown also in the stress-strain diagram of drawing 1 A, such a conventional 
concept is not applied to the titanium alloy of this invention. When it is a titanium alloy of this 
invention, in an elastic deformation region, a stress-strain diagram does not serve as a 
straight line, but it becomes a convex curve (**' - **), and although a reason is not certain, if 
unloading is carried out, along with said curvilinear **-**', elongation will return to 0 or will 
produce a permanent set along with Thus, in the titanium alloy of this invention, if 

stress and distortion are not in a linear relation and stress increases even in an elastic 
deformation region (**' - **), elongation (distortion) will increase rapidly. If it is the same, 
stress and distortion are not in a linear relation and stress decreases also when unloading is 
carried out, distortion will decrease rapidly. It seems that such a feature is revealed as high 
elasticity deformability which was excellent in the titanium alloy of this invention. 
[0026]By the way, in the case of the titanium alloy of this invention, inclination of the tangent 
on a stress-strain diagram is decreasing, so that drawing 1 A may also show and stress 
increases. Thus, in an elastic deformation region, since stress and distortion do not change 
linearly, elastic deformation ability of the titanium alloy of this invention cannot be defined as 
usual. It is not appropriate to estimate it by the same method as usual as 0.2% proof stress 
(sigmap') ** **** elastic limit intensity, either. That is, if it asks for **** elastic limit intensity 
(**0.2% proof stress) by the conventional method in the case of the titanium alloy of this 
invention, it will be a small value more remarkable than original **** elastic limit intensity. 
Therefore, with the titanium alloy of this invention, it cannot be defined as 0.2% proof stress ** 
**** elastic limit intensity any longer. Then, it returned to the definition of original of **** 
elastic limit intensity, and asked to have mentioned above the **** elastic limit intensity 
(sigmae) of the titanium alloy of this invention (** position in drawing 1 A), and the greatest 
elongation of the specimen in the **** elastic limit intensity was made into elastic 
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deformation ability (epsilone). 

[0027]** In an elastic deformation region, since there are not stress and distortion in a linear 
relation, it is not preferred again to apply the concept of the conventional Youngs modulus to 
the titanium alloy of this invention as it is. Then, we introduced the concept of "average 
Young's modulus", and decided to carry out the index of the 1 characteristic of the titanium 
alloy concerning this invention. And this average Young's modulus was defined as the 
inclination (inclination of a curved tangent) by the stress position which corresponds on the 
stress-strain diagram obtained by the tensile test one half of **** elastic limit intensity. 
Therefore, this average Young's modulus does not point out a "average" of the Young's 
modulus in a strict meaning, sigmat is tensile strength among drawing 1 A and drawing 1 B, and 
epsilone can be set about the **** elastic limit intensity (sigmae) of the titanium alloy of this 
invention — being extended (elastic deformation ability) — it is — epsilonp can be set to the 
0.2% proof stress (sigmap) of the conventional metallic material — being extended (distortion) 
— it is . 

[0028]** In this way, since the titanium alloy of this invention has a unique stress-distortion 
relation which is not in the former and it has suitable **** elastic limit intensity in addition to 
this, the dramatically outstanding elastic deformation ability, i.e., high elasticity, is obtained. 
Based on this characteristic, this invention within the elastic deformation whose **** elastic 
limit intensity defined as stress when a permanent set reaches to 0.2% truly by a tensile test 
is 950 or more MPa and which has stress to apply in the range from 0 to this **** elastic limit 
intensity, As a central value of the Young's modulus which shows the characteristic that 
inclination of the tangent on the stress-strain diagram obtained by this tensile test decreases 
with the increase in stress, and can be found from inclination of the tangent on this 
stress-strain diagram, The average Young's modulus for which it asked from inclination of the 
tangent in the stress position equivalent to one half of these **** elastic limit intensity is 90 
or less GPa, and elastic deformation ability can grasp it also as the titanium alloy which has 
the high elasticity deformability which is not less than 1.6%. When average Young's modulus 
falls with 85GPa, 80GPa, 75GPa, 70GPa, 65GPa, 60GPa, 55GPa, and 50GPa, the titanium alloy 
of this invention shows the more outstanding elastic deformation ability. 
[0029](2) The explanation about the alloy composition stated to below alloy composition is 
common not only in the presentation of a titanium alloy but the presentation in titanium alloy 
field material and the end of precursor powder. Henceforth, although explained taking the case 
of a titanium alloy, the contents (a content element, a numerical value range, the reason for 
limitation, etc.) can mainly be used also in the end of titanium alloy field material or precursor 
powder. Although the composition range of the element was shown in the form of "x-y %", 
especially this also contains a lower limit (x %) and upper limit (y %), unless it refuses (following, 
the same). 

[0030]** when the whole is made into 100% (mass percentage : it is the same as that of the 
following), if the titanium alloy (titanium alloy field material or the end of precursor powder, and 
the following — the same) of this invention contains Va group element 30 to 60%, it is 
preferred. It is because sufficient **** elastic limit intensity will not be obtained, but the 
density of a titanium alloy will rise and the fall of specific strength will be caused, if elastic 
deformation ability with Va group element sufficient at less than 30% is not obtained and it 
exceeds 60%. If 60% is exceeded, since it becomes easy to produce a material segregation, the 
homogeneity of material is spoiled and it becomes easy to cause toughness and a ductile fall, 
it is not desirable. Although it is either V, Nb or Ta, Va group element is not restricted when it 
contains those one sort. That is, the case where two or more sorts of them are included may 
be sufficient, and Ta, V or Nb, and Ta and V may also be included optimum dose every in a 
mentioned range, respectively. [ Nb, Ta, Nb, V and Nb, ] Nb of 10 to 45% and Ta is good in 
especially 0 to 30% and V being 0 to 7%. 

[0031]** When the whole is made into 100%, if the titanium alloy of this invention contains in 
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total one or more sorts of elements in the metallic element group which consists of Zr, and Hf 
and Sc 20% or less, it is preferred. Sc reduces the binding energy between titanium atoms 
specifically with Va group element, when it dissolves to titanium, It is an effective element 
which raises elastic deformation ability (it is got blocked and Young's modulus is reduced) 
(reference-works-roc. 9th World Conf.on Titanium, (1999), to be published). Zr and Hf are 
effective in improvement with the elastic deformation ability of a titanium alloy, and **** 
elastic limit intensity. Since these elements are titanium and a family (IVa fellows) element and 
are all the rate dissolution type neutral elements, they do not bar the high elasticity 
deformability of the titanium alloy by Va group element. 

[0032]If these elements exceed 20% in total, it is not desirable in order to cause the fall of 
intensity and toughness and cost rise by a material segregation. It is more desirable, when 
aiming at balance of elastic deformation ability (or average Young's modulus), intensity, 
toughness, etc. and those elements are further made into 5 to 15% 1% or more in total. It is 
good in Zr being 1 to 15% and especially Hf being 1 to 15%. The titanium alloy of this invention 
may also be included combining arbitrarily in each above-mentioned range one or more sorts 
of an IVa group element (except Ti), and one or more sorts of Va group element. For example, 
even when both one or more sorts of Zr, Nb, Ta, or V are included, the titanium alloy of this 
invention can demonstrate high intensity and high elasticity, without spoiling the outstanding 
cold work nature. 

[0033]** Since Zr, Hf, or Sc has many portions which are common in Va group element on an 
operation, it can also be replaced by Va group element within the limits of predetermined 
again. That is, when the whole is made into 100%, it may be made for the titanium alloy of this 
invention to be included so that the sum total with one or more sorts of elements in this 
metallic element group may be 30 to 60% about 20% or less and said Va group element in total 
in one or more sorts of elements in the metallic element group which consists of Zr, and Hf 
and Sc. The having mentioned above passage made Zr etc. 20% or less in total. Similarly, when 
those elements are further made into 5 to 15% 1% or more in total, it is more desirable. 
[0034]** If the titanium alloy of this invention contains one or more kinds of elements in the 
metallic element group which consists of Cr, Mo, Mn and Fe, and Co and nickel, it is preferred. 
When the whole is made into 100%, Cr and Mo are 20% or less, respectively, and, more 
specifically, it is suitable in Mn, Fe, and Co and nickel being 10% or less, respectively. When Cr 
and Mo raise the intensity and hot-forging nature of a titanium alloy, they are an effective 
element. If hot-forging nature improves, the productivity of a titanium alloy and improvement 
in the yield can be aimed at. Here, if Cr and Mo exceed 20%, it will become easy to produce a 
material segregation and it will become difficult to obtain a homogeneous material. When [ if 
those elements are made into 1% or more, can plan improving strength by solid solution 
strengthening and ] 3 to 15%, it is much more desirable. 

[0035]Mn, Fe, Co, and nickel are the elements effective when raising the intensity and 
hot-forging nature of a titanium alloy like Mo etc. Therefore, those elements may be made to 
contain with Mo instead of Mo, Cr, etc., Cr, etc. However, if those elements exceed 10%, since 
an intermetallic compound is formed between titanium and ductility falls, it is not desirable. 
When [ if those elements are made into 1% or more, can plan improving strength by solid 
solution strengthening, and ] 2 to 7%, it is much more desirable. 

[0036]** It is still more suitable if tin (Sn) is added to said metallic element group. That is, if 
the titanium alloy of this invention contains one or more kinds of elements in the metallic 
element group which consists of Cr, Mo and Mn, Fe and Co, and nickel and Sn, it is preferred. 
When the whole is made into 100%, Cr and Mo are 20% or less, respectively, and, more 
specifically, it is suitable in Mn, Fe and Co, and nickel and Sn being 10% or less, respectively. 
[0037]Sn is alpha stabilization element, and when it raises the intensity of a titanium alloy, it is 
an effective element. Therefore, it is good to make 10% or less of Sn contain with elements, 
such as Mo. If Sn exceeds 10%, the ductility of a titanium alloy will fall and the fall of 
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processability will be caused. It is more desirable when Sn is further made into 2 to 8% 1% or 
more, and aiming at coexistence with the formation of high elasticity deformability, and the 
formation of quantity **** elastic limit intensity. About elements, such as Mo, it is the same 
as that of the above-mentioned. 

[0038]** If the titanium alloy of this invention contains aluminum, it is preferred. When 
aluminum makes the whole 100%, specifically, it is much more preferred in it being 0.3 to 5%. 
When aluminum raises the intensity of a titanium alloy, it is an effective element. Therefore, 
the titanium alloy of this invention is good to contain 0.3 to 5% of aluminum with those 
elements instead of Mo, Fe, etc. Less than 0.3% of aluminum is [ a solid-solution-strengthening 
operation ] insufficient, and improvement in sufficient intensity cannot be aimed at. If 5% is 
exceeded, the ductility of a titanium alloy will be reduced. When aluminum is made into 0.5 to 
3%, intensity is stabilized and it is more desirable. Without reducing the toughness of a titanium 
alloy, if aluminum is added with Sn, intensity can be raised and it is more desirable. 
[0039]** When the whole is made into 100%, if the titanium alloy of this invention contains 
0.08 to 0.6% of O, it is preferred. When the whole is made into 100%, it is suitable if 0.05 to 1.0% 
of C is included. When the whole is made into 100%, it is suitable if 0.05 to 0.8% of N is 
included. When are collected and the whole is made into 100%, it is suitable if one or more 
kinds of elements in the element group which consists of 0.08 to 0.6% of O, 0.05 to 1.0% of C, 
and 0.05 to 0.8% of N are included. 

[0040]It is a penetration type solid-solution-strengthening element, and each of O, C, and N 
makes alpha phase of a titanium alloy stability, and is an element effective in improving 
strength. C or N does not have [ less than 0.05% ] O enough as the improving strength of a 
titanium alloy less than 0.08%. If O exceeds 0.6%, and C exceeds 1.0% or N exceeds 0.8%, 
embrittlement of a titanium alloy is caused and it is not desirable. When O is made into 0.1% or 
more and further 0.15 to 0.45%, or C is carried out and N is made into 0.1 to 0.6% 0.1 to 0.8%, 
balance of the intensity of a titanium alloy and ductility can be aimed at, and it is more 
desirable. 

[0041]** When the whole is made into 100%, if the titanium alloy of this invention contains 
0.01 to 1.0% of B, it is preferred. When B raises the mechanical material property and 
hot-working nature of a titanium alloy, it is an effective element. B hardly dissolves to a 
titanium alloy — the — the whole quantity deposits as titanium compound particles (TiB 
particles etc.) mostly. This deposit particle is because the grain growth of a titanium alloy is 
controlled remarkably and the organization of a titanium alloy is maintained minutely. Less than 
0.01% of B is not enough as the effect, and if it exceeds 1.0%, when the deposit particles of 
high rigidity increase, a fall with the elastic deformation ability of a titanium alloy and cold work 
nature will be caused. 

[0042]If the addition of B is converted by TiB particles, 0.01% of B will become the TiB 
particles of 0.055 volume %, and 1% of B will become the TiB particles of 5.5 volume %. 
Therefore, the titanium alloy of this invention may contain the titanium boride particles of 
0.055 volume % - 5.5 volume %. By the way, each above-mentioned presentation element is 
arbitrarily combinable within the limits of predetermined. Suitably, it is said within the limits, 
and said Zr, Hf, Sc, Gr, Mo, Mn, Fe, Co, nickel, Sn, aluminum, O, C, N, and B can be combined 
selectively, and, specifically, can be used as the titanium alloy of this invention. Of course, 
another element may be further blended within limits which do not deviate from the meaning 
of the titanium alloy of this invention. 

[0043](3) The manufacturing method is not limited, and especially the titanium alloy that is 
specified by a manufacturing method and that carried out titanium alloy **** can be 
manufactured even if it uses a solution process and the below-mentioned sintering process. It 
is also possible by performing cold work, hot working, heat treatment, etc. in each stage in the 
middle of manufacture to adjust the material property of the titanium alloy obtained. For 
example, it is desirable in the titanium alloy of this invention being as follows. Namely, the cold 
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working process by which the titanium alloy of this invention adds not less than 10% of cold 
work to the titanium alloy field material which Va group element and the remainder become 
from titanium substantially, It is suitable in it being what is manufactured by the cold work 
material obtained after this cold working process through the aging treatment process of 
performing aging treatment from which the Larson Miller parameter P is set to 8.0-1 8.5, in the 
range whose treatment temperature is 150 ** - 600 **. 

[0044]The parameters P are 8.0-12.0 in the range in which said treatment temperature is 150 
** - 300 **, and this aging treatment process is preferred if the titanium alloy in which said 
**** elastic limit intensity is [ said elastic deformation ability ] not less than 2.0% in 1000 or 
more MPa is obtained. The parameters P are 12.0-14.5 in the range in which said treatment 
temperature is 300 ** - 450 **, and this aging treatment process is preferred if the titanium 
alloy whose elastic deformation ability said **** elastic limit intensity is not less than 1.6% in 
1400 or more MPa is obtained. The details of a cold working process and an aging treatment 
process are mentioned later. 

[0045](Manufacturing method of a titanium alloy) 

(1) When a cold working process cold working process obtains the titanium alloy of quantity 
**** elastic limit intensity by high elasticity deformability, it is an effective process. According 
to this invention person's research, such cold work gives working distortion in a titanium alloy, 
this working distortion brings the micro structural change with an atom level to an in-house, 
and it is thought that it contributes to improvement in the elastic deformation ability of a 
titanium alloy. The micro structural change with an atom level is produced by adding this cold 
work. Accumulation of the elastic strain accompanying this structural change is considered to 
have contributed to improvement in the **** elastic limit intensity of a titanium alloy. 
[0046]By the way, this cold working process is preferred in it being the process of making a 
cold working rate into not less than 10%, and still better also considering a cold working rate as 
not less than 50%, not less than 70%, not less than 90%, not less than 95%, and not less than 
not less than 99%. And this cold working process may be performed for the purpose of shaping 
(for example, finish-machining) of a raw material or a product, even if separately carried out as 
pretreatment of a prescription process. A cold working rate is a cold working rate as the 
cross-section area before SOrcold work, and a cross-section area after Srcold work. 
X=(S0-S)/S0x100 (%) 
It comes out and defines. 

[0047]It means being low temperature enough "between the colds" rather than the 
recrystallizing temperature (minimum temperature which causes recrystallization) of a titanium 
alloy. Although recrystallizing temperature changes with presentations, it is about 600 ** in 
general, and is good to perform cold work in ordinary temperature -300 ** in the 
manufacturing method of this invention. Thus, the titanium alloy concerning this invention is 
excellent in cold work nature, is performing cold work and is in the tendency for the material 
property and mechanical property to be improved. Therefore, the titanium alloy concerning this 
invention is a material suitable for cold work products. The manufacturing method of this 
invention is a manufacturing method suitable for cold work products. 

[0048](2) An aging treatment process aging treatment process is a process of performing 
aging treatment to cold work material, this invention person newly found out that it will be 
alike if this aging treatment process is given, and the titanium alloy of quantity **** elastic 
limit intensity was obtained more by high elasticity deformability. However, since it will be lost 
by the influence of processing distortion given by cold work in the titanium alloy if solution 
treatment more than recrystallizing temperature is performed before performing aging 
treatment, it is not desirable. 

[0049]There are (a) low-temperature short-time aging treatment (150-300 **) and (b) high 
temperature long time aging treatment (300-600 **) in this aging treatment condition. Average 
Youngs modulus can be maintained or reduced, raising **** elastic limit intensity in the case 
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of the former. As a result, the titanium alloy of high elasticity deformability can be obtained. In 
the case of the latter, average Young's modulus may rise somewhat with the rise of**** 
elastic limit intensity, but it is still 95 or less GPa, and the rise level is dramatically low. 
Therefore, the titanium alloy of high elasticity deformability is obtained even in this case. 
[0050]When this invention person repeats a huge number of examinations, the aging treatment 
process is the range of 150-600 ** treatment temperature, The parameter (P) determined 
from treatment temperature (T **) and processing time (t hours) based on a following formula 
found out that it was desirable in it being the process of being set to 8.0-18.5. 
P=(T+273) -(20+loglOt) /1000 — this parameter P is the Larson Miller (Larson-Miller) 
parameter, is decided by the combination of heat treatment temperature and heat treating 
time, and carries out the index of the aging treatment (heat treatment) conditions of this 
invention. 

[0051]If improvement in a desirable material property is not obtained but the parameter P 
exceeds 18.5 even if this parameter P performs aging treatment by less than 8.0, the fall of 
**** elastic limit intensity, the rise of average Young's modulus, or the fall of elastic 
deformation ability can be caused. 1000 or more MPa and elastic deformation ability have the 
**** elastic limit intensity of the titanium alloy which the parameters P are 8.0-12.0 and was 
obtained preferred for an aging treatment process in average Young's modulus being 75 or less 
GPa not less than 2.0% in the range in which said treatment temperature is 150 ** - 300 ** 
[0052]The parameters P are 12.0-14.5 in the range in which said treatment temperature is 300 
** - 450 **, and the **** elastic limit intensity of said titanium alloy is preferred for an aging 
treatment process for 1400 or more MPa and elastic deformation ability in average Young's 
modulus being 95 or less GPa not less than 1.6%. By selecting the treatment temperature and 
processing time which make the parameter P the more suitable range, the titanium alloy of 
quantity **** elastic limit intensity is further obtained by high elasticity deformability. Unless 
it refuses in particular, the numerical value range "x-y" contains the lower limit x and the 
upper limit y (following, the same). 

[0053](3) When using the mixed method which starts ** this invention in the end of precursor 
powder, the end of precursor powder titanium and Va group element are included at least is 
required. According to the presentation and the characteristic of a titanium alloy for which it 
asks, the end of precursor powder containing various elements mentioned above can be used. 
It is suitable, if the element more than a kind is included the end of precursor powder in 
addition to titanium and Va group element even if there are little Zr, Hf, Sc or Gr, Mn, Co, 
nickel, Mo, Fe, Sn, aluminum, O, G, N, and B as mentioned above. 

[0054]Pure metal powder or after alloy powder may be sufficient such the end of precursor 
powder. Sponge powder, hydrogenation dehydration powder, hydrogenation powder, 
atomization powder, etc. can be used in the end of precursor powder, for example. In particular 
powdered particle shape, particle diameter (particle size distribution), etc. are not limited, and 
commercial powder can be used for them as it is. But the viewpoint of the compactness of 
cost or a sintered compact to mean particle diameter is preferred in it being 100 micrometers 
or less the end of precursor powder. If powdered particle diameter is below 45 micrometers 
(#325), it will be easy to obtain a more precise sintered compact. 

[0055]** When the HIP method concerning this invention is used, the powder mixture which 
consists of prime powders like a mixed method may be used, but the after alloy powder itself 
which has desired alloy composition may be used as the end of precursor powder. And the 
ingot manufactured by the gas atomizing method, the REP method (rotational electrode 
process) and the PREP method (plasma rotational electrode process), or the solution process 
can be manufactured by hydrogen grinding, the MA method (mechanical alloying), etc. the end 
with the presentation of the titanium alloy concerning this invention of precursor powder, for 
example. 

[0056](4) A mixing process mixing process is a process of mixing the end of precursor powder. 
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The end of precursor powder is uniformly mixed by this mixing process, and a uniform titanium 
alloy is got by the macro target according to it. A V shaped rotary mixer, a ball mill and a 
vibration mill, a high energy ball mill (for example, attritor), etc. can be used for mixing in the 
end of precursor powder. 

[0057](5) A forming cycle forming cycle is a process of fabricating the powder mixture 
obtained after the mixing process to the Plastic solid of specified shape. Since the Plastic 
solid of specified shape is acquired, subsequent working manhour reduction can be aimed at. 
Even if the Plastic solid is carrying out shaped materials, such as a plate and a bar, and it is 
carrying out shape of the final product, it may be carrying out shape of the intermediate item 
before resulting in them. Billet shape etc. may be sufficient when processing it further after a 
sintering process. Metallic mold shaping, CIP shaping (cold isostatic press shaping), RIP 
shaping (rubber isostatic hydrostatic pressing), etc. can be used for a forming cycle, for 
example. When performing CIP shaping especially, it is good to set the compacting pressure to 
200 - 400MPa for example. 

[0058](6) Like a packer, it is the process of filling up the container of specified shape with the 
above-mentioned end of precursor powder as a packer, and it is needed in order to use the 
hydrostatic pressure method between heat (the HIP method). The inside shape of the 
container may be made to correspond to a desired product configuration. Metal, or [ the 
product made from ceramics or glass ] may be sufficient as a container, for example. It is good 
to carry out a vacuum deairing, and to fill up with and seal the end of precursor powder 
hermetically in a container. 

[0059](7) A sintering process sintering process is a process which makes the Plastic solid 
after said forming cycle heat and sinter, or a packer makes sinter this precursor powder end in 
a next container by the hydrostatic pressure method between heat. Since the treatment 
temperature at this time (sintering temperature) is quite lower than the melting point of a 
titanium alloy, according to the manufacturing method of this invention, it does not need a 
special device like a solution process, but can manufacture a titanium alloy economically. 
[0060]** In the case of a mixed method, it is preferred to make a Plastic solid sinter in a 
vacuum or the atmosphere of inactive gas. Treatment temperature is below the melting point 
of an alloy, and it is preferred to be carried out in the temperature region which each 
constituent element fully diffuses. For example, it is desirable when the treatment temperature 
shall be 1200 ** - 1600 **. If treatment temperature shall be 1200-1600 ** and processing 
time is made into 0.5 to 16 hours when attaining eburnation of a titanium alloy, and the 
increase in efficiency of productivity, it is much more suitable. 

[0061]** In the case of the HIP method, diffusion is easy, and the deformation resistance in 
the end of precursor powder is small, and it is preferred to be carried out in the temperature 
range which cannot react to a container easily. For example, it is good for the temperature 
requirement to be 900 ** - 1300 **. Restoration powder of compacting pressure is preferred 
in it being a pressure which can fully carry out creep modification, for example, it is good to 
set the pressure range to 50 - 200MPa (500-2000 atmospheres). The processing time of HIP 
has the preferred time which the end of precursor powder fully carries out creep modification, 
and is elaborated, and an alloy content can diffuse between powder. For example, it is good to 
make the time into 1 hour - 10 hours. 

[0062]In the case of the HIP method, a required mixing process and a forming cycle are not 
necessarily needed with a mixed method, but what is called an after-alloy-powder method also 
becomes possible. Therefore, as mentioned above in this case, the kind in the end of 
precursor powder which can be used also spreads, and after alloy powder not only with the 
powder mixture which mixed two or more sorts of pure metal powder and after alloy powder 
but the desired alloy composition itself can be used as the end of precursor powder. If the HIP 
method is used, a precise sintering titanium alloy can also be obtained, and a net shape will 
become possible even if a product configuration is complicated. 
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[0063](8) A hot-working process hot-working process is a process which makes the 
organization of the sintered compact after a sintering process elaborate in a mixed method. 
There are many holes etc. with the sintered compact after a sintering process. By performing 
hot working, reduction of this hole, etc. can be aimed at and it can be considered as a precise 
sintered compact. And improvement in the **** elastic limit intensity of a titanium alloy can 
be aimed at by performing a hot-working process. Therefore, if said titanium alloy field material 
is manufactured through the hot-working process of adding hot working to the sintered 
compact obtained after said sintering process further, it is preferred. 

[0064]Hot working means plastic working more than recrystallizing temperature, for example, 
hot forging, hot-rolling, the swage between heat, coining between heat, etc. occur. The 
hot-working process is preferred in it being the process that working temperature shall be 
600-1100 **. This temperature is the temperature of the sintered compact itself to process. 
In less than 600 **, deformation resistance is high, and a hot-working process is difficult and 
causes the fall of the yield. On the other hand, if hot working is performed exceeding 1 100 **, 
a crystal grain becomes big and rough and is not preferred. By this hot-working process, the 
shape of a product can also be formed roughly. The porosity under organization of a sintered 
compact can be adjusted and the Young's modulus of a titanium alloy, intensity, density, etc. 
can also be adjusted. 

[0065](Use of a titanium alloy) Since the titanium alloys of this invention are high elasticity 
and high intensity, they can be broadly used for the product which matches the characteristic. 
In order to also have the outstanding cold work nature, it is suitable if the titanium alloy of this 
invention is used for cold work products. It is because a processing crack etc. are reduced 
remarkably, without making intermediate annealing etc. intervene and improvement in the yield 
can be aimed at. If the titanium alloy of this invention is used for the conventional product 
considered that cutting etc. are geometrically required and cold forming etc. are performed, it 
will be easy to attain fertilization of the titanium product, and low cost-ization. And the 
manufacturing method of this invention becomes effective in that case. 

[0066]When the example which can use the titanium alloy of this invention is given, there are 
an industrial machine, a car, a motorbike, a bicycle, a household appliance article, an 
aerospace instrument, a marine vessel, accessories, sport leisure goods, a living body related 
article, medical-apparatus material, a toy, etc. For example, if the titanium alloy of this 
invention is used for the spring (coil) of a car, as compared with high elasticity deformability 
(low Youngs modulus), therefore the conventional spring made from spring steel, a number of 
turns can be reduced remarkably. In addition to the number-of-turns reduction, since specific 
gravity is about 70% of spring steel, the titanium alloy of this invention can realize a large 
weight saving. 

[0067]If the titanium alloy of this invention is used for the spectacle frame which is one of the 
accessories, by the high elasticity deformability, a vine portion etc. bend easily and a face is 
fitted well. The glasses become the thing excellent also in impact-absorption nature or the 
stability of shape. Since the titanium alloy of this invention is excellent in cold work nature, 
shaping from small-gage wire material to a spectacle frame etc. is easy for it, and the 
improvement in the yield can also plan it. If the titanium alloy of this invention is used for the 
golf club which is one of the sport leisure goods, the shaft is carried out, and becomes easily, 
and its elastic potential energy transmitted to a golf ball increases, and it can expect 
improvement in the flight distance of a golf ball. 

[0068]If the head of a golf club, especially a face part consist of a titanium alloy of this 
invention, the character frequency of a head can be remarkably reduced compared with the 
conventional titanium alloy by the high elasticity deformability (low Young's modulus) and the 
thinning accompanying quantity **** elastic limit intensity. Therefore, a golf club provided with 
the head will lengthen the flight distance of a golf ball fairly. The theory about a golf club is 
indicated by JP,7-98077,B, the international publication WO 98/No. 46312 gazette, etc., for 
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example. In addition, if the titanium alloy of this invention is used for a golf club, it is possible 
to raise a feeling of ** of a golf club, etc., and the design flexibility of a golf club can be made 
to expand remarkably. 

[0069]The titanium alloy of this invention can be used for what is allocated in the living body, 
such as a fastener of an artificial bone, an artificial joint, the artegraft, and a bone, the 
function members (a catheter, forceps, a valve, etc.) of a medical appliance, etc. in a medical 
field. For example, when an artificial bone consists of a titanium alloy of this invention, the 
artificial bone has the high elasticity deformability near a human bone, and balance with a 
human bone is achieved, and it excels in biocompatibility, and it also has quantity **** elastic 
limit intensity sufficient as a bone. The titanium alloy of this invention also fits a sound 
deadener. It is because the acoustic velocity transmitted in the inside of the material by 
reducing Young's modulus (elastic deformation ability is improved) can be reduced as shown in 

2 

the expression of relations of E=rho V (E: acoustic velocity transmitted in the inside of 
Youngs modulus, rhormaterial density, and V:material). 

[0070]in addition, raw materials (a wire rod, a bar, square lumber, a plate, foil material, textiles, 
textiles, etc.) and personal effects (a clock (wrist watch).) Valletta (hair ornament), a necklace, 
a bracelet, earing, a pierced earring, A ring, a tiepin, a brooch, cuff buttons, a belt with a 
buckle, The nib of a writer and a fountain pen, the clip for fountain pens, a key case, a key, 
Personal Digital Assistants (a cellular phone and a portable recorder.), such as a ball-point and 
a mechanical pencil The spring for engine valves, such as cases, such as a mobile personal 
computer, A suspension spring, a bumper, a gasket, a diaphragm, Bellows, a hose, a hose band, 
tweezers, a fishing rod, a fishhook, a sewing needle, A sewing-machine needle, a hypodermic 
needle, a spike, a metallic brush, a chair, a sofa, a bed, Clips, such as a clutch, a bat, various 
wires, various binders, and documents, A cushioning material, various metal seals, an expander, 
a trampoline, Various health exercise equipment, a wheelchair, nursing equipment, 
rehabilitation apparatus, a brassiere, a corset, a camera body, a shutter part article, a screen, 
a curtain, a blind, a balloon, an airship, tentorium, various membranes, a helmet, and a fishing 
net — it ****, and various containers, such as an umbrella, asbestos clothing, a bulletproof 
vest, and a fuel tank, and a tire, [ and ] The titanium alloy of this invention may be used for 
the various products of various fields of the reinforcing member of a tire, the chassis of a 
bicycle, a bolt, ruler, various torsion bar springs, a spiral spring, a power transmission belt, etc. 
(hoop of CVT, etc.). The titanium alloy concerning this invention and its product may be 
manufactured by various manufacturing methods, such as not only the manufacturing method 
of this invention mentioned above but casting, a forge, superplastic forming, hot working, cold 
work, sintering, HIP, etc. 
[0071] 

[Example]Various examples concerning a titanium alloy of this invention and a manufacturing 
method for the same are given to below, and this invention is more concretely explained to it. 
(Manufacture of a sample) As shown in Table 1, the titanium alloy of the 1-4th examples 
(sample No.1-19) has 30 to 60% of Va group element, and Ti in a presentation, gives a cold 
working process and an aging treatment process, and then is manufactured like. 
** As the end of precursor powder, commercial hydrogenation and dehydration Ti powder (- 
#325, -#100), niobium (Nb) powder (-#325), vanadium (V) powder (-#325), and tantalum (Ta) 
powder (-#325) were prepared. Each of these powder was blended so that it might become a 
presentation rate of Table 1, and it mixed using attritor or a ball mill (mixing process). The unit 
of the alloy composition shown in Table 1 is mass percentage (%), and the remainder is 
titanium. 

[0072]** CIP shaping (cold isostatic pressing) of this powder mixture was carried out by 
pressure 400MPa, and the Plastic solid of phi40x80mm cylindrical shape was acquired (forming 
cycle). 
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** The Plastic solid acquired after the forming cycle was made to sinter under the treatment 
temperature and processing time (sintering process conditions) which are shown in Table 1 in 

the vacuum of 5x10 Pa, and the sintered compact was obtained (sintering process). 

** Hot forging of this sintered compact was carried out in the 700-1 150 ** atmosphere, and it 

was considered as the phi15mm round bar (hot-working process). 

[0073]** Swaging between the colds of the cold working rate shown in Table 1 was performed 
to this, and cold work material (test specimen) was obtained (cold working process). 
** Aging treatment was further performed to this cold work material all over the heating 
furnace of Ar gas atmosphere (aging treatment process). 

[0074](Explanation for every example) next each example, or the concrete manufacturing 
conditions for every sample are explained. 
(1) The 1st example (sample No. 1-7) 

As shown in Table 1, this example to the Plastic solid which consists of powder mixture with 
the presentation of Ti-30Nb-1 0Ta-5Zr (abbreviation : % is the same as that of the following). 
After giving the sintering process of 1300 **x 16 hours, considering it as a sintered compact 
and giving the above-mentioned hot-working process and the cold working process of 87% of a 
cold working rate to this sintered compact, the aging treatment process of various conditions 
shown in Table 1 is added to the obtained cold work material. 
[0075](2) The 2nd example (sample No.8-10) 

This example adds the aging treatment process of the conditions to each sample, after giving 
the different sintering process and cold working process of conditions which are shown in 
Table 1 to an alloy with the same presentation as the 1st example. 
[0076](3) The 3rd example (sample No.11-17) 

This example adds the aging treatment process of different conditions for every sample to it, 
after giving the different sintering process and cold working process of conditions which are 
shown in Table 1 to an alloy with a different presentation shown in Table 1. 
[0077](4) The 4th example (sample No.18, 19) 

To each sample of the 1st example or the 2nd example, this example changes the amount of 
content oxygen, as shown in Table 1. The conditions of a sintering process, a cold working 
process, and an aging treatment process are the same as that of the 1st example or the 2nd 
example almost. The result of this 4th example shows that it is an effective element, when 
oxygen plans low Young's modulus and high intensity (high elasticity). 
[0078](5) Comparative example (sample No.C1-C4) 

Sample No.C1 which consists of a presentation as shown in Table 1, or a process condition as 
a comparative example - C4 were manufactured. Sample No.C1 does not add a cold working 
process and an aging treatment process with hot-working material. Sample No.C2 adds the 
aging treatment process that the value of the parameter P is low, without performing cold 
work to hot-working material. Sample No.C3 adds the aging treatment process that the value 
of the parameter P is high to cold work material. Va group element which manufactured 
sample No.C4 with the solution process adds an aging treatment process to less than 30% of 
ingot. 

[0079](Measurement of a material property) The material property of each sample mentioned 
above was searched for by the method shown below. About each sample, the tensile test was 
done using the Instron testing machine, load and elongation were measured, and it asked for 
the stress-strain diagram. The Instron testing machine is an omnipotent tension tester made 
from Instron (manufacture name), and a drive system is electric motor controlling expression. 
Elongation was measured from the output of the strain gauge stuck on the side of a specimen. 

[0080]It asked for **** elastic limit intensity and tensile strength by the method mentioned 
above based on the stress-strain diagram. Elastic deformation ability searched for the 
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elongation corresponding to **** elastic limit intensity from the stress-strain diagram. As 
mentioned above, it asked for average Young's modulus as inclination (inclination of a curved 
tangent) by the stress position equivalent to one half of **** elastic limit intensity acquired 
based on the stress-strain diagram. Elongation is the elongation after fracture for which it 
asked from the stress-strain diagram. About each above-mentioned sample, these 
measurement results searched for were combined with Table 1, and were shown. 
[0081] 
[Table 1] 
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** When **** elastic limit intensity or a tensile strength example, and a comparative example 
are contrasted, by performing suitable cold work and aging treatment shows that **** elastic 
limit intensity or tensile strength is rising by about 250-800 MPa. 

[0083]** Although average Young's modulus or elastic deformation ability average Young s 
modulus may be accompanied by some rises by adding aging treatment, in any case, average 
Young's modulus is 90 or less GPa. 

It turned out that average Young's modulus can be controlled by choosing aging treatment 
conditions appropriately. 

By improvement in intensity, and control of average Youngs modulus, elastic deformation 
ability also showed not less than 1.6% of big value, and has checked that the titanium alloy of 
quantity **** elastic limit intensity was obtained by high elasticity deformability. 
[0084] 

[Effect of the Invention]Thus, according to the titanium alloy of this invention, since it is 
quantity **** elastic limit intensity in high elasticity deformability, it can use for various 
products broadly, and since it excels also in cold work nature, the productivity drive of them 
can also be planned. According to the manufacturing method of the titanium alloy of this 
invention, such a titanium alloy can be obtained easily. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing a stress-strain diagram typically, the Drawing A shows the 
thing of the titanium alloy concerning this invention, and the Drawing B shows the thing of the 
conventional titanium alloy. 



[Translation done.] 
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CC— 4 5 0°CcO®HTtfrlE^^^-^ PA>'12. 0- 
14. STfoK). 

fflEf-^ >-^^{imrlE?[5aWttPI3S«^ 1 4 0 0 M P a 
liUL ^-W^W 9 5 G P a JJlTTS)i> If *II 1 6 

izmm^9 y-&&cr>mmjfm, 

immm 1 9 ] lulEf-^>-^JS«{±. 10 0% 

b LKMiS-lz^ mflEV aj^TC^Sr 3 0-60 %#tf|f* 
Ml 6-1 ScOV^AHCfE^f-^V^OSii* 
ft. 

[w*jR2 o ] mm-?-? y^Mffii, ioo% 
t zriHfisc t frb%&&m7vmm 

*<7) 1 Slil±^7C^Sr^tfT-2 0 %OT#tfff*JI 1 6 

-l gw^-m^tfEsgo^^^^coigjt^,, 
mmm2 l ] lufEf-^y^MWi. 100% 

b Lfc%&fc, ZrtHfiSc fc*^^I.^S7C«ll 
+<7) 1 «Jil±^7C«^-g-ltT-2 0 %IilTfc . lufEV a.m 

Km$:W&m7&M<p<o i mmK^7mbcr>-^m^3 o 

— 60%i=fc-l>j;-5 fc-^-tj'ft^ 1 6 — 1 8 cDV ^-ftifr 

iztm^fyifikcowmii'm, 

im<m2 2 1 frlE^^ y-£r£J!fMlZ. CrkMotM 
ntFeiCoiNi t^f>^§^M7C^il*«0 1 ffig 
IiLtc07C«5-irtflf*JM 1 6—2 lov^'fL*HclEt!c^ 

i-?yis£commJrm<, 
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[|f*iI2 3 ] wfflrf-f>S-&mttli. 5tfaZ 1 0 0% 
k LtlWr&lZ. B?fBC r k fflBM o fc & ZtlZ'tl 2 0% 
tlT. WlIBM n fc BUfSF e fc fJfEC o t SufEN i t Sr^- 

ft-m i o %JiiT*tfts*« 2 2 iciBtto** 

1 6 — 2 3 «v ->-fit*H=iaao^^ v^O^t* 

[|f*JI2 5 ] OTBf-^>*AK«tts 1 0 0% 

fc tutBA I £0 . 3 — 5%#tf8i;R;if 2 4 

6 3 WB**>'-frAa»«4. 10 0% 

tLfc*^fc, 0. 0 8—0. 6%<D03r§-tf!f:£lf 1 

[iw»i2 7 ] ma-9 y&itm.mz. 100% 

kLfz^lZ^ 0. 0 5—1. 0%«C&-#tj>if^IIl 
6 — 2 6<n^^MZgdM<V^?>^(0mglT&;. 

int»92 8 ] awe?-* y^mtn. ikfo* 100% 

tLfci^t, 0. 0 5 — 0. 8%<^N*r^t?ff3<If 1 
6-2 7cOV^*H:fB»^^-^y^r#Offi3t*?S„ 
[ff*iI2 9 ] BulBf-* y^Mtii, 10 0% 

thtz^k^ 0. 0 1 — 1. 0%(7>BSr-&tffit3Siil 

6—2 8<?>^-?ft-Mzim><?) J f-? y&&<oW&j&. 

Ht**3 0 ] mfEi^ y-^&HWJi. yfc V al 

umm3 1 ] meimexstt. jmxt 1 2 o o*c 

— 1 6 0 0'Cfc LMIfflt: 0 . 5 — 1 6B#P H 1fc-rsI 

St* *at*3f 3 o \,zmm^-9 ^-^osBt^ts . 

[It*^3 2 3 WEf-9 y-^MWl $ 4»fe, lulBM 

mmm&btii mm^smaj: zmlz tamr. 
xmzmx$m$ti%m$im 3 0 ?y&&<o 

iimms 3 ] mamaxjmis uaimmz 6 0 0 
-1 1 oox:b-t&xmx'$>&mzm3 z\tfsmn+9 
y^£<mm>m« 

[f»**34] mm^y^MMn. f^ytvai 

JMt . K*«XSafc:S!Sia»*Effi (HIPS) 

[it*iH3 5 ] msdmnmm^ 1 0 o%t liz. 

fjlEVa^TcSt^ 3 0-6 0%-£tfli;£lf 3 0 

nmm3 e 3 mMmmmmt. 1 o o%t Ltz 



ZrfcHffcSc fc*^^re^JB7C«l¥+<5D 1 
«6Li:(?»c*tr£ff*C2 0%OT-trfrfS*if3 0-3 5 

[|f*iI3 7 3 fJlBlI^*i±, 1 0 0%fc Lit 

-nltT" 2 0%JilT^Z rtHftSc 

1 «Jil±<5D7t;« <0£fb6* 3 0 - 6 0 % fc & •?> i!3f E V a 

WjvMk S-frtrl»*«3 0— 3 4 <Wvfft#H;:!Eifc<J^ 

[ff5f<iM3 8] lufBJltm v *ii:. Cr, Mn. Co. N 
^Mo^FeJISnl.Al.CC, Nfcirl/ 
BOiK«r< t i -«JiLb<7>7G3!l£ StsMim. 3 0—3 7 

[00013 
[00023 

75yl^S#Iiif«Mt:, «JSI»jfcajt 

x&mmjMSZBttkLx&mmnyvyh 

■ vi^t-^vt ■ rty/i ■ u^T-mizmmztix^ 

y^^'ffiffl § ax o . f^w^f - 9 y-%± khx. 

M£l£. T i — 5 A 1 — 2 . 5Sn( «^) ,Ti- 
6A1-4V (a-/3^) s Ti-13V-llCr 
-3 A 1 (I3<£±) f«|,. 

[00033 kc\hx\ mmz, +9 y^<r>mxtzVc 
mm^m^m^ms^itx^tiAK msx-it, i<om.ti 

y y^tic »ttc»Af? ywsisii-y? 

m±&bi^X±im-&mzm.h.t:i>cr)b%:Z>. 

[00043 ttz. mw^tcoi-9 y^^^mmy 

t . t^*^>-^ y h j m4fWHminmtv\y vim 
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[0005] 1PP 10-21937 5^IS 
£ <7)<&fg^{ 4, NbtTah Sr-^-ftT" 2 0 — 60 %#tf 

WMf -oTSStSit, 7 5 G P aOTt ^a^^^* 

[0006] ©#IfW2 - 1 633 3 4^fg 
-KTXKrfIWi, rNb: 10-40%, V: 1-10 
%. Al : 2 — 8%, Pe, Cr, Mn : # 1 %filT. 
Zr : 3%WT. O:0. 0 5 — 0. 3%, ®g&j&*T i 

m&^mz^xmm%wmifiw^tix\^:\\ 

[0007] ©#13^8-2 9942 S^&M 
ZCO&miZte^ 2 0-4 0%<ONbt4 . 5— 2 5%<7) 
Tat 2. 5—1 3%<0Z r t^P^SWt'T i bfr 

t>tc <o „ ^yfrntfe 5 g p a jy.T^^ >-^f ^« 
■&&i>. Wryfmxh h t mziss&sgxfo h tztb . 3¥ 

[0008] ®!Rf - 7 3 4 7 5#&ffi. «PBB¥6 
-2 3 38 1 l^fgfciVW^Pl 0-50 17 19 

ZtlbV&miZlZ. *>y>n$itl 5GP ajaTTflBBI 
,K#7 OOMPaJJLhcOf-^V-^ (T i - 1 3Nb- 
1 3Z r ) *^*§<XTV^^ sPttCl±3i£Jg«fc^ 
m^.^fg«lfit<cO«BSlt{i:. N 
b : 3 5— 50%fc^. ZtllZft^-f 

mmnm^tLX^^\ 

[0009] ©#^836 1-1 5765 2^m 
£<0&«Ctt. r T i £4 0-6 0%#1fU «8P#SS 



AJS^tf|i n a n {4. T i - 4 5 N b ^fflfiEJ^I* T - J?»)B 

mm. mbuebeu *«on b^*?£iasa»r l 

[0010] ®!|f ~ 24039 O^fg 
ic7)^fgfc{4, r 1 0 %^<b 2 5 %%fficr>;-<i'isi?M.$: 
0 . 2 5%&,Tt U * LT»8fo&* 

[0011] 5-1 1 5 5 4-§-^|g 

■y Kj tfBmZtiX^b. ZLX. Nb, V^tr^pgs 

anLT«>ftv>©«>. ^co^mizmm^nx^b, l& 
L.zttd <vB,m^m^wmz^xm^'§m&% 

v\ 

[0012] 52-147511 -f-^fg 

i^#fc{4, rf^yi 0-8 5fiS%. ^«0. 2 

mm%&.t, mmo. 13-0. 3 5«s%, mso. 

-T ^ t (c «t 0 . $ ^> (c ©SSJKT'^HISnxttfcfS^^-^ 

[0013] 

*wt«»T*siutt><o-cfcs. 0^0. &mmx 

[0014] 

^TCSgtS^HWWfcf-^y (Ti ) 9. gi 

5S3*tiw^*9 5 0 mp a&±x\ wmmtfew 1 • 

6%£J±X'$>&Zb%qmb'?&. Ti fcVaSlTclgfc 
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Coo i 5] tci^-e, z<r>i-?y&M±. mtttzWi. 

ttCont, J: -3 i. •£ I i: -I. „ oil 

*m&mmie>+fi y^Mzmt-um^m^. tft 
mm, zcvi-? y-erMzftrsmxzmLx *> , ctsaqi 

fc^ag&A^ir^, -aWMfrrtic (110) BiPftttK: 
3fi< iBl*l U JtffiW *S LT V ^ 6 i fc **BH . 

TEM (jSKTBNKflt) TWfcLfcl 1 10 
Jff jS£ & ffl V ^ft HflllM & V ^ T , gCPiOiSff k mzi^co 
ayhyxb tffiWl LTVi< (Oim&Ztvfc . - *tfi* 
flLT^S (111) ffi^fffiLTV^IfcSr^itgLT 

BBS tut. -f-LT,. i(0(lll) ffico^ficoift^ 
@Ji5 0 0 — 6 0 0 nmgStSftt/hS^tWfto 

ft. 

[00 16] ZKh&Zkirh, &ffl 3 M<Q J f-?>"&& 

■6. 4ft, IfcfiJi, 1 1 O0Sf^3fi<«BaUft«3» 
T", ffi-^tfBK£*lft#, 1 1 O0*fjac<O!iS£$r< 

Trtiat^miKSft&^ft. ise/ua^s? 

{5M^*^L<<1 1 0>-%$\t,zm^X\^hZ.k*inL 

xa r> , *wm^?>^ikimmzm^mm%ii$: 
^-t&zk*5jk®Lx^&. mmzfefrX'ii&^tf. z 

[0017] zzx\ ^mwvtmsmmj kit. mm* 
tfcjyjLT^ftjsyj^sd (Pt<{±. . 

4ft rmBBMBj fctt, ffie?l3B*ttRKfi«l*lfc*5tt 

a**#v^fc£*cf. ^09l9WttmauBi. lit, 9 
50MPaJJlt, 1 2 0 OMPafcLt, 1400MPa 
J2lhfc$r4H£W*U\ 4fc % 5H3B©BfcBfcL Jit, 

1. 6%£LL, 1. 7%£LL, 1. 8%, 1. 9%, 

2. 0%, 2. 1%. 2. 2%&±k&httZ#&L 

[0 0 18] *%Bf!Ta-»3 rf^y^jiiTi^ 



*v*. TiJ20toj8# (tfiRfcf, Nbf) 

^#cco5 OMSLXPXtZ r5tf>&«^-Ct. TiSr-t-tf 

flEBWteSWi. 4ft, r^y-js^j (3, s^co 

tv-y k «airMc. j±g n D n , mt. «t, -»m 

S^. COT'S (KTH#) . 

[0019] ( y^ikcommum) ±m Latssm 
mmxs3\mwmmmco^^ y^m±. mm. 

izi o%&±<Q&maximi&ftmiHnLmk. m& 
m^jMmz%^fitz^mvix.mzm^.W) i i 5 0 

"C-6 0 0°C<r>mmX'^y?<-3> P ( y>VV > • S5- 
• yN'7^-^P : PsfflfcM&M-r-g. „ ) * J 8. 0-18. 

5k*mmm*mi-mmmTMkfre>%*). 3\m 
mtBHSuufi 9 5 0 m p a vdiewms&mtf 1.6% 

\>Xkk%h^?yi^ZWktZ>Zk*'limk-th. i 

f-^ v^MWtF^sco^pjrani^MLftf^, mm* 
mTx-mmmzmrzkizxn. wmx&ifiim 
utihkmz, ^y?"mcoMm%:±mmmzix. mw 

[0020] <2>^cr>^?yiz&:WM±, Mz.tf. <Jc<0J: 
mtt±. ^?>kV a.m7cmk£izti'J?%:< ki>~mjL 

^coMmm^m^-rim^TMk , ^a^-xsf*t# 
^ntzM^®*£m&Btt<vmmizf&m-&fmTm 

[002 1 ] ©Sft, Mief-^>-&^M«!S, f-^Vk 

h^MlMk . l^±«igf*tii^»7j<J±ffi (hip 
i<0»3ft^* r H I P^j km%Ft&« ) 

iMLtzmmumn, *w*M(D*?y&&%n&te#>t l z 

»4 U ^SS3t*5£TS> . toH, :fc^BJ3iO^ 

mfe<OMit^tcJ:oT#fefLfttco{cil^$ 

[0022] 
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< i ) mmzmm. mmwmmninf^^yvm 
mtiz^x, mi a, Bi:m^x&.Ti,zmm-h . a 

(t i - 6 a i - 4 vithfe) wjE*-s»a0^«sew 

[0023] (D0 1 B fcjfrf J: o fc, f^*<7)^JSWfiT" 
(©' -CDS) . -£LT. -ecOlSfScO«#^J:oT«* 

*kS*fc**ifcffllWfl5fci&I.IiDtftW (©' -®ffl) X' 

it. $tffitm%mx°hK> s fluffs js^&iMrrtuf.. 

[0024] jffijfL jfcAfatWO . 2%t^rSje^J a p 
£0. 2%milt%VX^h ( J I S Z 224 
1) . ZCDO. 2%fflMZ. &D-MfrM.Wi±X\ 5¥tt 
SdmwSXk (CD' -© : A-fei^Oaf^SBK) * o . 
2 XWtf^tS^'^mm L/titlg (©' -©) fcJE^i- 
S*ft«i:tfXay£ Um<2» i£tHf&f&jjTi>S>i>. fig 

^.•Si:. MWajj £V^3£lS$iJfcXO^ 0. 

£ (7) 0 . 2 rt^JMUf, Jc#J t i: amffittffi 

[ 0 0 2 5 ] ©i H 1 ACOJE^J-M^H*^ 

iridic. £OJ33rfl!3lW>Sfct:H:, *m&>*-? 
y$t&lzte%xiZ£h%^. ItiWi^tli^M* 5 , * 

»«0)WB«i: ±tcfl=5rifii» (©' -©) fc 

ofeO. ©-©' fc^T*A#tf£r£t£>)-ri>. - 

<n£o\zi!?mmn^9v&&x*\t. we&m& (©' - 

[0026] -hi -?>T\ *Wm*r9 >"&&<7)%r&, 0 



2 (op') % §l5S»ffi|RSfiSf: If fir* S £ fc i, 

^■nmx^mmmm&i^o. 2%w*>&*»* 

T 3 . lot, ^BB^^V^TIi. ^{i^. 

0 . 2%wi7*5\mtfflmmt%m?&ztteX'%% 
w ^zx\ mmtmmm^meoymizm-ox, * 

1. -3 (01 A4^©firg) . ^O^I5I5¥ttP15SjK 
[0027] OiJt, Sitt^J^^fe^T, jE^hM^ 

titzmi)-mx-ma±t,zi3^x , §i5BWttK3sui<o 1 / 
w<v+?y&g£&B\immmm ( <? e > tfcit&w 

( c P ) tfeftSfW (^A) X'hh, 

[0028] ®z.co x *> \z*wm^9y^mz.. mk 
iz^mm^iBji-wfrmmz^rL. atiizMtxmm 

0'§. *HBj{i x g|5RKitT?'3tK:*^Ji*!i*0. 2%t 

mm Ltz t # wis* k lt^«s fis gisswttRKiK* 1 

9 5 0MP a.0±Xh 0 - in^§J£^^'O^^I^I5S§¥ 

lc J: 0 # <o - S»«BLh<0SS»<0ffl & <0 

liiDWf^. xm-i-t ttttS:* t . BaE*-5»BiaJb 

3R»ttRB3i«« i /2 izmm-t&m®.wxcoimcom 

#*^**^%-^y^W9 0 GP aUlTT-S 1 ) 1 ). 51 

Pa. 80GPa, 75GPa s 70GPa, 65GP 
a. 60GPa. 55GPa, 5 0GPati£Tt?> 

•t. 

[0029] ( 2 ) Urikmfc 
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-f&tf. *<npm (^7tm. $mm. m$m&m) 
*^?>^^wtt\zwmmmzi>mmTz & . t 

tz. Tufgcollj&ISffl?- r x ^. y %j t^dmaX'^Lfz 
i*U*KWcBf^*v*9, TTKffi (x%) fcit/i 
Plffl (y%) fc*t»t<0T** (JiTF. H«) . 

[0030] ©fcfWto*-* y&k { j f-?>-&£MM$. 

fcl±WH«*, I21TBK) «, 10 0% («fiW 

#jfs : JJTFUfit) t LfeNteiC. Vaj^TC^Sr 3 0-6 
0 %-tts b WMX-h h . V afit7C**« 3 0 %*}Wm+ 
#&5MJS9Bffi#»$>*v$\ 6 0%£j@i..S,fc+ 

#LTlHMEOffiT*ffl<*»fer**. 6 0% 

-e****. ^tL^coim^-t^tm^zm^K -r 

m&tr2^Lt#tfi§-£rei>&<. NbtT 
a. NbiVtNb. TatViitliNbtTatVt 

NbiilO-45%, Tali0-3O%, V{i0 — 7% 

[003 1 ] <2>-&$m<0*h9 y-SMi. ^ftS: 100% 
b LtzM&lZ. ZrtHftSct 3&»fe*S 
<$co 1 @KLt<=07E3g^#thT2 0%OT#tf iMTS 
S. Sell f-^VteaSgUfc*^ VaSUHRfc^fc 

•§» ) ^WxTtmTfoh : P r o c . 9th 

World Conf. on Titanium. (1 
999). to be pub i i shed) . Zri 

Hftn >is&(mmsmb3\wm>&m&mb 
(7)fi]±t,zwhTh&, ztit>co7cmi&. ^9>tmm 

(IV ajjk) TtmX'fo K) . ^[MfS^tt&^tT* 
S fctf> . V a ^7C#t= J; § * * & 
mfhZbii^K 

[0032] ZtL^7iM^i[X'2 0 b . 

3R£-£if-T\ l%JiLh. Sfcfctt. 5~15%k-T-S, 
k. «kD#aU>. *Wc, Zrlil-15%, Hf til 

~i 5%-e$>&i:^v^ §£>t. -xmn^fy^s-gi 

ti. I V a^7C« ( T i J2W- ) <0 1 aUl±k V aiS^TC* 
i>ftv. flRff. ZriNb, Tatfe{iV<7)iaJJLh 



[0033] ©*Jt. Zr. HfitliScli, Va| 

vam7cmbw.n-tz>zbi>x-%h<, o*«j» 

f-^>-ir^tt. i#J10 0%tLfc«&fc, ZriH 

fisci astc^p*^ i muLtcojtm^ 
ttT2o%OTk. mmv amfcmMmmjtmm^co 
i my,±.<r>7tm t costw 3o—6o%btc&mzi£ 

tr«fc 3 te LTfcA^. Z r^^^ftT-2 0%&rfb Liz 
coii, m$kViZbi$*)X*$>h. fflUlz. %tit><7) 
7C«Sr^-|fT-l%JiLh. 5~15%frS 

[0034] ©*%BHcOf-^y^(i. CrtMofcM 
niFehCotNi i;*^^r-g>^7cS#"+>c7) 1 

&100%tLfcJ^C, CrtMoiti^-ix^tl.2 0 
%OTT'* D , MntFeiCotNi t{±-?"^il 1 
0%£rrc*ftf:JSBirJb4. CrtMotil ?-?y 

0 cO^]±* s HltLl» . ££T*. CrtMos>'. 2 
ts&*Ba8tfc 2 SrS. ^Kt><^m^ 1 %&±b~t 

hb. mmmoizx wmm±.zwx. 3~~i5%b-t 

[0035] Mn. Fe, Co. Ni{±. Mo^fcRI 
«. ^^V^<05S«f:S!felSIKaatt*|6l±S-li-S±T^- 
SfPSTTCSBT-JfeS. ft-st. Mo. Crf^fo'JC, 4 
fc{±Mo. Cr|fc*«M«#f§tt^ 

WiL<iu. ^-ti^^Tc^^ lXBUik-fifcs H 

[ 0 0 3 6 ] £>fcr. Wie^JK7C^Sf{^ ( S n ) * 

i±. CrtMokMnfcFetCotNiiSnfcH 
**^Si7c3B»(f «o 1 SBKJ3Lh<07c»*-Mf b WMX'h 
6. i WftWCfi. ^:*§r 10 0%i L^%^tC. C 
rfcMot{i^^tL2 0%jy.TT*0. MnfcFefc 
CotNiiSni ItZtL^tl 1 0 %l?ATX'fo h b WM. 
X'foh, 

[0037] SntiagfeimmXfor), + 

&&%fa±z^&±T^mtecm~£fo&. ffiot, io 

LTjDXttcoffiTS-jg < . S n £ 1 %JJJLh. § ^>fc{i. 
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[0038] ®^m^9 y^Mi, A l SrMf i» 
3iT*>*. ftfrWWi. A l i>K 1 0 0%b Ltz 

igr&lZ 0.3-5 %X°h h b s -SMt* t.Al 

a . f - ? >-&±em%.* i*i± $ ■^s±t'»^7cST'* 

-5. ts!->T. ^fSHJfcD-f-:?^-^**, 0. 3— 5%<7)A 
IS:. Mo^Fe^cOftOt, £fcli^;h.£><97E?Rfc* 
tc^ff-fSfcAv*. A1#0. 3?6*SBn4H*5Wfc# 

rai-h^EI^.^ V ^ . ifc, 5 
%ZMl&b. ?-?y&&<DM&£mTZii&. a l & 
0. 5~3%t-TSfc. SfiS^^LTlOiffiHri. 
3rfc. Al ^Sni*(c»tl.i:, f-^^&tOWtt 

[0039] ®*$m<01-? >^M±. 1 0 0% 

fcU£*SlHr. 0. 0 8—0. 6%WO^#tft#5iT' 
tftSlOO^fcLtS^^ 0. 0 5 — 

XtLtiWr&lz^ o. 0 5-0. 8%coN^-irtft»3i 
X'foh* tbtbhb^ £#:Srl 0 0%fctfc*^fc, 
0. 08-0. 6%OOfcO. 05—1. 0%<OCt 
0. 0 5-0. 8%<0Ni:*^^&jc^Pi+itf01«»m 

[0040] o, cfciVNit ^-r^MSASuoiii 

±te^r^7E3gt*^l». O^'O. 0 8%m C4/£Ji 

^. oifio. &%^mt. can. o%& 

Si ^TtiiN^'O. 8%2r^i.Sfc N ^-^>"^<OJi 
ft***, ffaU<=Srv\ 0*0. l%JiUL §£M± 
0. 15—0. 4 5%fcU CSrO. 1 — 0. 

8%. N£0. 1-0. 6%t-TI»h. ^y-£&<9§£ 

[0041] ®*H0BO^-^ 100% 
tLfcS^C, 0. 0 1 — 1. 0%cDBSr#tft»®T' 
Bll >-^^TO«^W«#tti;^Jni 

? y-£60ISJIffij£Jt£* L < JflJfJ LX. 1-9 >&<kco 

mMifflatztm?&frt!>TS>&. b#o. oi%*>h 
miBmbtfimmjLVttcoi&Tzm^x tt -5 . 

[0042]^, Bcomn&^T i BfifHItl 
fc. 0. 0 1%C0B(4. 0. 0 5 5ftS%OTiBt? 
fc=SrO , l%<7)Btt s 5. 5ftt%OTiB»t^ 
I.. t-5t> ^V^li, 0. 0 5 5*11% 
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